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CERAMIC MATERIAL FOR USE AT ELEVATED TEMPERATURE 



Field of the Invention 

The invention relates to a ceramic material, in 
particular a material which is aluminium-wettable and/or 
resistant against oxygen diffusion. The ceramic material 
5 is suitable for use in metallurgical environments. 

Background of the Invention 

A number of activities, such as the production, 
purification and recycling of metals, in particular 
aluminium and steel, are usually carried out at high 
10 temperature in very aggressive environments such as 
molten metal, molten electrolyte and/or corrosive gas. 
Therefore, the materials used for the manufacture of 
components exposed to such environments must be thermally 
and chemically stable. 

15 Graphite and other carbonaceous materials are 

commonly used for components, especially conductive 
components. Unfortunately, carbon components do not 
resist oxidation and/or corrosion and must be 
periodically replaced. 

20 Several proposals have been made to reduce wear of 

carbon components in such technologies to achieve a 
higher operation efficiency, reduce pollution and the 
costs of operation. 

In the field of steel recycling using arc electrode 
25 furnaces, it has been sought to reduce oxidation wear of 
inactive lateral faces of carbon arc electrodes, which is 
caused by exposure to oxygen at the high operating 
temperature. For instance, in US Patent 5,882,374 
(Hendrix) it has been proposed to coat the inactive 
30 lateral face of the arc electrode with silica material to 
avoid consumption of the lateral face. 

For the purification of molten metals, in particular 
molten aluminium, by the injection of a flux removing 

impur i t i e s t owards_ .the surface „qf the _ mo 1 1 e n„ . me t a 1, i t . . 

35 has been proposed to coat carbon components which are 
exposed to the molten metal with a coating of refractory 
material as disclosed in WO00/63630 (Holz/Duruz) . 
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In aluminium production, some components are exposed 
to molten fluoride-containing electrolyte, molten 
aluminium and/or anodically ' produced oxygen. In 
conventional Hall-Heroult cells these components are 
5 still made of consumable carbonaceous materials. 

It has long been recognised that it would be 
desirable to make (or coat or cover) the cathode of an 
aluminium electrowinning cell with a refractory boride 
such as titanium diboride that would render the cathode 
10 surface wettable to molten aluminium which in turn would 
lead to a series of advantages. 

For example, US Patents 5,310,476, 5,364,513 (both 
in the name of Sekhar/de Nora), 5,651,874 (de 
Nora/Sekhar) and 6,436,250 (Sekhar/Duruz/Liu) all 

15 disclose applying a protective coating of a refractory 
material such as titanium diboride to a carbon component 
of an aluminium electrowinning cell, by applying thereto 
a slurry of particulate refractory material and/or 
precursors thereof in a colloid in several layers with 

20 drying between each layer. WO01/42168 (de Nora/Duruz), 
WO01/42531 (Nguyen/Duruz/de Nora) and WO02/096831 
(Nguyen/de Nora) disclose the use of a layer made of 
particulate oxide of Mn, Fe, Co, Ni, Cu, Zn, Mo or La (- 
325 mesh) mixed with refractory material and/or on a 

25 layer of refractory material. The use of these oxides 
promotes the wetting of the refractory material by molten 
aluminium. These patents also disclose the use of such 
materials for use in an oxidising and/or corrosive 
environment . 

30 In the field of anodes for the electrowinning of 

aluminium, it has been proposed to substitute carbon 
anodes with metallic anodes. Such anodes are for example 
disclosed in US patents 6,248,227, .6436,274 (both de 
Nora/Duruz), 6,521,115 (Duruz/de Nora/Crottaz) and 

35 6,562,224 (Crottaz/Duruz) , and in WO00/40783, WO01/42534 
(both de Nora/Duruz), WO01/42536 (Duruz /Nguyen/de Nora), 
WO02/083991 (Nguyen/de Nora), WO03/014420 (Nguyen/Duruz/ 
de Nora) and WO03/078695 (Nguyen/de Nora) . These anodes 
have an iron-containing metallic body which is covered 

40 with an integral iron oxide layer that is active for the 
oxidation of oxygen. During use, oxygen diffuses through 
the iron oxide layer to slowly oxidise the anode body and 
maintain the iron oxide layer by formation of iron oxide 
at the layer/body interface. 
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It has been proposed to protect metallic anode 
substrates against oxidation, especially against 
anodically evolved oxygen, by using between the substrate 
and an electrochemically active outer anode layer an 
5 intermediate layer of oxides of chromium, platinum- 
zirconium, niobium, nickel or nickel-aluminium, or 
carbides as disclosed in US patents 4,956,068, 4,960,494, 
5,069,771 (all Nguyen/Lazouni/Doan) and 6,077,415 (Duruz/ 
de Nora), and in WO00/06800 (Duruz/de Nora), WO02/070786 
10 (Nguyen/de Nora) and WO02/083990 (de Nora/Nguyen) . 

These materials have not as yet found wide 
commercial- acceptance and there is a need to provide a 
ceramic material with improved properties for use in an 
oxidising and/or corrosive environment, in particular an 
15 environment at elevated temperature such as an aluminium 
production or purification environment as well as a steel 
production environment . 

Summary of the Invention 

An object of the invention is to provide a 
20 refractory material which can be used to make or protect 
components for use at elevated temperature in oxidising 
and/or corrosive metallurgical environments, in 
particular in the production, purification or recycling 
of metals, 

25 A particular object of the invention is to provide a 

refractory material which forms a barrier against oxygen 
diffusion and/or which is wettable by molten aluminium. 

Another object of the invention is to provide an 
apparatus for the production, purification or recycling 
30 of aluminium or steel, having such components and a 
method to operate such apparatus . 

Therefore, the invention relates to a ceramic 
material that comprises a structural mass made of at 
least one refractory compound selected from refractory 

35 borides, aluminides and oxycompounds, and combinations 
thereof. This structural mass has an open microporosity 
that is impregnated with colloidal and/or polymeric 
particles of iron oxide and/or a precursor of iron oxide. 
In particular, these particles promote wetting of the 

"40 st'ructlfral' mass ^"^"inoTteh" aluminium arid/or" wH eh "^s ub"j" e c t ecT 
to heat treatment they can form a sintered barrier 
against oxygen diffusion through the structural mass. 
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In other words, the iron oxide in the ceramic 
material of the present invention is firmly anchored in 
the structural mass by impregnation of the colloidal 
and/or polymeric (usually inorganic) particles. The 
5 impregnated particles are less likely to be washed away 
during use than if they were applied in the form of an 
outer layer of a particulate that cannot, due to its size 
(-325 mesh) , noticeably infiltrate a microporous 
structure, as disclosed in the abovementioned references 

10 WO01/42168, WO01/42531 and WO02/096831. Moreover, the 
impregnated particles are not part of the structural mass 
of the refractory material. Thus, when the material is 
used in a high temperature environment, possible reaction 
of the particles with the environment, in particular 

15 aluminium, does not alter/weaken the structural mass 
unlike the materials disclosed in these references. 

When the colloidal and/or polymeric iron particles 
are sintered in the micropores of the structural mass, 
they form a compact sintered agglomerate in the 

20 mircopores that inhibits oxygen from diffusing 
therethrough. This sintered iron oxide is much denser 
than the iron oxide that is formed by surface oxidation 
of an iron-containing alloy and that does not prevent 
oxygen diffusion as disclosed in the abovementioned US 

25 patents 6,248,227, 6436,274, 6,521,115 and 6,562,224 and 
in WO00/40783, WO01/42534, WO01/42 536, WO02/083991, 
WO03/014420 and WO03/078695 also mentioned above. 
Moreover, iron oxides are electrically more conductive 
compared to the usual candidates used to inhibit oxygen 

30 diffusion into electrodes, in particular chromium oxide, 
as disclosed in the abovementioned US patents 4,956,068, 
4,960,494, 5,069,771 and 6,077,415, and in WO00/06800, 
WO02/070786 and WO02/083990. It follows th^t the ceramic 
material of the present invention is useful for the 

35 production of any conductive article used in an 
aggressive environment, in particular at elevated 
temperature, such as electrodes. 

The structural mass can comprise a refractory oxide 
made of oxynitrides, oxycarbides, oxyfluorides or metal 
40 oxides, or a mixture thereof. 

Usually, the refractory compound comprises one or 
_ more bor ides, .aluminides o.ne_ 
metal selected from titanium, niobium, tantalum and 
molybdenum. For example the structural mass comprises 
45 titanium diboride and/or titanium oxide. 
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The colloidal and/or polymeric particles can be made 
of at least one of FeO(OH) 2 / FeO, Fe 2 0 3 and Fe 3 0 4 and 

precursors thereof, all in colloidal and/or polymeric 
form. For instance, the particles comprise single oxides 
5 of iron, such as stoichiometric and/or non-stoichiometric 
ferrous oxide and hematite, which can react with the 
structural mass to increase the anchorage in the 
micropores. For example, when the mircoporous structural 
mass comprises titanium oxide, the ferrous oxide and/or 
10 hematite can react therewith to form a multiple boding 
oxide of titanium and iron. 

Moreover, to promote the formation of magnetite from 
the colloidal and/or polymeric particles during heat 
treatment, the ceramic material of the invention can 

15 comprise a catalyst, in particular a copper compound such 
as copper oxide. The catalyst can be present in the 
microporous structural mass. Alternatively, the particles 
can be impregnated into the micropores in the presence of 
the catalyst. For example, the colloidal and/or polymeric 

20 particles are impregnated from a slurry containing the 
copper oxides and/or other catalyst (s). 

Usually, the ceramic material of the invention is a 
coating on a substrate or a self-sustaining body. 

The colloidal and/or polymeric particles may be 
25 sintered in the open microporosity of the structural 
mass. The sintering is not necessary, in particular when 
the ceramic material of the invention is wetted by molten 
aluminium before or during use. 

The exposure of the colloidal and/or polymeric 
30 particles to molten aluminium leads to a reaction between 
the particles' iron oxide and the molten aluminium. This 
reaction produces a mixture of aluminium oxide, aluminium 
and iron which covers the ceramic material and which is 
anchored in the structural mass 1 microporosity. For This 
35 reaction to occur it is not necessary that the colloidal 
and/or polymeric particles be sintered. Wettability by 
molten aluminium is improved by the presence of this 
mixture of aluminium oxide, aluminium and iron. 
Furthermore, a film of aluminium at the surface of the 
40 ceramic material shields and protects the ceramic 
material from aggressive environments, in particular 
oxygen. 

If the ceramic material is not intended to be wetted 
by molten aluminium but is nevertheless used in an 
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aggressive environment, the colloidal and/or polymeric 
particles are preferably sintered so as to form a 
substantially impervious barrier in the mircoporosity of 
the structural mass against various aggressive 
5 environments. Typically, the ceramic material should not 
be wetted by a protective layer of molten aluminium if 
the material's intended use requires a high electrical 
conductivity of the material in an oxidising environment. 
Indeed, when aluminium is exposed to oxygen, it forms a 
10 highly resistive aluminium oxide film which should be 
avoided if the ceramic material is used to pass an 
electric current. 

The invention also relates to a component which 
during use is exposed to an oxidising atmosphere. This 
15 component has a substrate that is protected from 
oxidation by a ceramic barrier layer made of a 
microporous material impregnated with colloidal and/or 
polymeric particles as disclosed above, the colloidal 
and/or polymeric particles being usually sintered. 

20 For instance, when the component is an anode for the 

electrowinning of aluminium, the ceramic layer is covered 
with a protective layer that inhibits dissolution of the 
ceramic layer. The protective layer can comprises at 
least one of: iron oxides, such hematite and/or nickel 

25 ferrite; and cerium oxycompounds, in particular cerium 
oxyfluoride. Suitable materials for such a protective 
layer are for example disclosed in US patents 6,103,090 
(de Nora), 6,361,681 (de Nora/Duruz) , 6,365,018 (de 
Nora), 6,379,526 (de Nora/Duruz), 6,413,406, 6,425,992 

30 (both de Nora), and in PCT/IB03/03654 , PCT/IB03/03978 
(both Nguyen/de Nora) and PCT/IB03/05292 (Appourchaux/ 
Nguyen/de Nora) . The materials disclosed in the 
abovementioned US patents 6,248,227, 6436,274, 6,521,115 
and 6,562,224, and in WO00/40783, WO01/42534, WO01/42536, 

35 WO02/083991, WO03/014420 and WO03/078695 also mentioned 
above are also contemplated for making the protective 
layer. Alternatively, the protective layer can contain at 
least one of copper, nickel, silver, copper oxide and 
nickel oxide, and may be covered with an 

40 elect rochemically active surface layer, for example a 
cerium oxyfluoride layer as disclosed in the 
abovementioned US patents 4,956,068, 4,960,494, 5,069,771 

and... £, 0.7.7.,. 415.,.. ,.and_.±n_- ,-WOO-OV 0.6800., - MO02/0-74286- --and - - 

WO02/083990 also mentioned above. 

4 5 The substrate of the component can be metal-based. 

In particular the metal-based substrate contains at least 
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one metal selected from chromium, cobalt, hafnium, iron, 
molybdenum, nickel, niobium, platinum, silicon, tantalum, 
titanium, tungsten, vanadium, yttrium and zirconium- The 
substrate can contain a nickel-iron alloy, for instance a 
5 nickel-iron alloy as disclosed in the abovementioned 
references. 

The invention further relates to a component which 
before use or during use is exposed to molten aluminium. 
Such component has an aluminium-wettable surface formed 
10 by the sintered or non-sintered ceramic material 
described above. 

The component can be made of this ceramic material 
or can comprise a layer of this ceramic material on a 
substrate, in particular a carbon substrate. 

15 For example, the component is one of: a cathode, a 

cell bottom or a sidewall of an aluminium electrowinning 
cell; a holder for arc electrodes or an arc electrode, in 
particular a consumable carbon arc electrode with its 
inactive surface protected by a layer of the inventive 

20 ceramic material; or a component of an apparatus for 
treating molten aluminium, in particular a stirrer for 
stirring molten aluminium, a pipe for supplying a 
treating agent to molten aluminium, or a vessel for 
containing molten aluminium. 

25 Another aspect of the invention relates to a cell 

for the electrowinning of aluminium from alumina 
dissolved in a molten electrolyte. This cell comprises at 
least one anode as disclosed above. This anode has a 
substrate that is covered with a ceramic barrier layer 

30 and a protective layer. Optionally, the cell further 
comprises a cathode and/or a sidewall that contain the 
ceramic material of the invention as described above. 

A further aspect of the invention relates to a 
method of electrowinning aluminium in such a cell. This 

35 method comprises passing an electrolysis current from the 
cathode to the anode through the molten electrolyte to 
electrolyse the dissolved alumina whereby aluminium is 
produced on the cathode and oxygen is evolved on the 
anode, the ceramic barrier layer inhibiting oxidation of 

40 the substrate by the evolved oxygen. 

Yet another aspect of the invention relates to a 
cell for the electrowinning of aluminium from alumina 
dissolved in a molten electrolyte. This cell comprises at 
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least one cathode as disclosed above. The cathode has an 
aluminium-wettable surface. Optionally, the cell has an 
anode and/or a sidewall that comprise (s) the ceramic 
material of the invention as mentioned above. 

5 Yet a further aspect of the invention relates to a 

method of electrowinning aluminium in such a cell. This 
method comprises passing an electrolysis current from the 
cathode to the anode through the molten electrolyte to 
electrolyse the dissolved alumina whereby aluminium is 
10 produced on the cathode and gas is evolved on the anode, 
the aluminium-wettable surface being wetted by aluminium. 

The invention also relates to: an arc furnace 
comprising at . least one component containing the 
inventive ceramic material; as well as a method of 
15 operating this arc furnace. When the component is a 
carbonaceous arc electrode , the ceramic material of . the 
invention should be present on its inactive surfaces, as 
discussed below. 

The invention further relates to an apparatus for 

20 treating molten aluminium comprising at least one 

component containing the inventive ceramic material, the 
component being a stirrer, a pipe or a vessel. 

Another aspect of the invention relates method of 
operating such an apparatus. This method comprises when 
25 the device is a stirrer, a pipe or a vessel, 
respectively: stirring molten aluminium with said 
component; supplying a treating agent to molten aluminium 
through said component; or confining molten aluminium in 
said component. 

30 An even further aspect of the invention concerns a 

method of producing a ceramic material. This method 
comprises the steps of: providing a structural mass that 
has an open microporosity and that is made of a 
refractory compound selected from borides, aluminides and 

35 oxycompounds, and combinations thereof; and impregnating 
the open microporosity with colloidal and/or polymeric 
particles of iron oxide and/or a heat-convertible 
precursor thereof. 

These colloidal and/or polymeric particles can be 
- 40 - "sintered in" the" "open ra i c rbporo'sLt y~d~f~ 1Th e™s CrTT ct u r a lHfia ss ' 
by a heat treatment. 

Usually, the structural mass is formed by sintering 
a ceramic particulate, typically a particulate having a 
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particle size below 100 micron, in particular having an 
average particle size in the range of 1 to 60 micron, for 
example 10 to 50 micron. 

The ceramic particulate can be suspended in a slurry 
5 which is dried before sintering. The slurry may contain a 
colloid and/or a polymer- Typically the slurry comprises: 
colloidal particles selected from lithia, beryllium 
oxide, magnesia, alumina, silica, titania, vanadium 
oxide, chromium oxide, manganese oxide, iron oxide, 

10 gallium oxide, yttria, zirconia, niobium oxide, 
molybdenum oxide, ruthenia, indium oxide, tin oxide, 
tantalum oxide, tungsten oxide, thallium oxide, ceria, 
hafnia and thoria, and precursors thereof, all in the 
form of colloids; and/or polymeric particles selected 

15 from lithia, beryllium oxide, alumina, silica, titania, 
chromium oxide, iron oxide, nickel oxide, gallium oxide, 
zirconia, niobium oxide, ruthenia, indium oxide, tin 
oxide, hafnia, tantalum oxide, ceria and thoria, and 
precursors thereof, all in the form of polymers. The 

20 slurry may contain at least one organic compound selected 
from ethylene glycol, hexanol, polyvinyl alcohol, 
polyvinyl acetate, polyacrylic acid, hydroxy propyl 
methyl cellulose and ammonium polymethacrylate and 
mixtures thereof. 

25 Examples of structural masses formed by drying and 

sintering a slurry are given in the abovementioned US 
Patents 5,310,476, 5,364,513, 5,651,874 and 6,436,250, 
and in WO01/42168, WO01/42531 and WO02/096831 also 
mentioned above. Alternatively, the structural mass can 

30 be formed by powder pressing and sintering . or plasma 
spraying or other known techniques. 

The colloidal and/or polymeric particles of iron 
oxide and/or their precursor (s) can be impregnated into 
the dry green structural mass, i.e. before sintering the 
35 particulate of the mass, or they can be impregnated after 
sintering the structural mass. 

Generally, the invention concerns a ceramic material 
that comprises a structural mass made of a refractory 
compound selected from borides, aluminides and 
40 oxycompounds , and combinations thereof. This structural 
mass has an open microporosity that is impregnated with 
""colloidal and/or polymeric particles of iron oxide and/or 
a precursor of iron oxide. This ceramic material can have 
any of the characteristics mentioned above. 
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In particular, the colloidal and/or polymeric 
particles may or may not be sintered in the open 
microporosity and constitute an agent to promote wetting 
of the structural mass by molten aluminium. Furthermore, 
5 the colloidal and/or polymeric particles can form a 
sintered barrier against oxygen diffusion through the 
structural mass. 

Brief Description of the Drawings 

Embodiments of the invention will now be described 
10 by way of example with reference to the accompanying 
schematic drawings, wherein: 

- Figure 1 shows a schematic cross-sectional view of 
an aluminium production cell with carbonaceous drained 
cathodes, anodes and sidewalls, all having a layer made 

15 of the ceramic material of the invention; 

- Figure 2 is a cross-sectional view through a 
metal-based aluminium production anode having an oxygen 
barrier layer made of the ceramic material of the 
invention; 

20 - Figure 3 schematically shows an arc electrode 

furnace incorporating layers of the inventive ceramic 
material; 

- Figure 4 shows an apparatus for the purification 
of a molten metal having a carbonaceous stirrer protected 

25 with a layer of the inventive ceramic material; 

- Figure 4a is an enlarged schematic sectional view 
of part of the stirrer shown in Figure 4; and 

- Figure 5 schematically shows a variation of the 
stirrer shown in Figure 4 . 

30 Detailed Description 

A 1 umi n i urn _E lect rowin n in q _ Cel 1 : 

Figure 1 shows an aluminium electrowinning cell 
comprising a series of carbonaceous anode blocks 5 having 
operative surfaces 6 suspended over drained sloping 
35 flattened generally V-shaped cathode .sur face _21 __.i_n .__a_ 
fluoride-containing molten electrolyte 42 containing 
dissolved alumina. 
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The drained cathode surface 21 is formed by the 
surface of a layer 20A of the aluminium-wetted inventive 
ceramic material that is applied to the upper surfaces of 
a series of juxtaposed carbon cathode blocks 15 extending 
5 in pairs arranged end-to-end across the cell. Layer 20A 
contains a sintered particulate of TiB 2 having micropores 

impregnated with colloidal and/or polymeric iron oxide 
particles. After exposure of layer 20A to molten 
aluminium, the layer's iron oxide particles react in the 
10 pores with molten aluminium to form a mixture of 
aluminium oxide , aluminium and iron metal which enhances 
the aluminium-wettability of layer 20A. 

The cathode blocks 15 comprise, embedded in recesses 
located in their bottom surfaces, current supply bars 22 
15 of steel or other conductive material for connection to 
an external electric current supply. 

The drained cathode surface 21 is divided by a 
central aluminium collection groove 26 located in or 
between pairs of cathode blocks 15 arranged end-to-end 

20 across the cell. The aluminium collection groove 26 is 
situated at the bottom of the drained cathode surface 21 
and is arranged to collect the product aluminium draining 
from the cathode surface 21. The aluminium collection 
groove 2 6 is coated with an aluminium-wetted layer 20B of 

25 the inventive ceramic material. 

The carbon anode blocks 5 too are coated with a 
layer 20C of the inventive ceramic material on their 
inactive surfaces. Layer 20C is made of a sintered 
particulate of titanium oxide infiltrated with sintered 

30 colloidal and/or polymeric iron oxide particles. 
Alternatively, ' layer 20C is" made of the inventive ceramic 
material that is wetted by molten aluminium, i.e. before 
use of the anode block 5 the inventive ceramic material 
is exposed to molten aluminium which reacts with the iron 

35 oxide in the micropores of the ceramic material and 
infiltrates the surface of the ceramic material, the 
molten aluminium at the surface of layer 2 0C forming a 
barrier to oxygen diffusion. 

■ 

Layer 20C inhibits oxidation of the anode 1 s 
40 shoulders* and side faces during use. Anode blocks 5 

_ . .. JE? 1 ?^ 0 . . unposted. 9A the o£eratiye^a.node surfaces. ..6_..whi.ch 

are immersed as such in the molten electrolyte 42 and 
which are consumed during use. 
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The cell comprises carbonaceous sidewalls 16 exposed 
to molten electrolyte 42 and to the environment above the 
molten electrolyte, but protected against the molten 
electrolyte 42 and the environment above the molten 
5 electrolyte with a layer 20D of the inventive ceramic 
material that is wetted with molten aluminium before use. 

In operation of the cell illustrated in Figure 1, 
alumina dissolved in the molten electrolyte 42 at a 
temperature of 750° to 960°C is electrolysed between the 
10 anodes 5 and the cathode blocks 15 to produce gas on the 
operative anodes surfaces 6 and molten aluminium on the 
aluminium-wetted drained cathode layer 20A. 

The cathodically-produced molten aluminium flows 
down the inclined drained cathode surface 21 into the 
15 aluminium collection grooves 26 onto the aluminium-wetted 
layer 20B from where it flows into an aluminium 
collection reservoir for subsequent tapping. 

Figure 1 shows a specific aluminium electrowinning 
cell by way of example. It is evident that many 

20 alternatives, modifications, and variations will be 
apparent to those skilled in the art. For instance, the 
cell may have one or more aluminium collection reservoirs 
across the cell, each intersecting the aluminium 
collection groove to divide the drained cathode surface 

25 into four quadrants as described in WO00/634 63 (de Nora) . 

The cell bottom may have a horizontal aluminium- 
wettable cathode surface which is in a drained 
configuration or which is covered with a shallow or deep 
pool of aluminium, for example as disclosed in US patents 
30 5,683,559, 5,888,360, 6,093,304 (all de Nora) and in the 
abovementioned US patents 5,651,874. 

Figure 2 shows a metal-based anode 5' according to 
the invention which is immersed in an electrolyte 42. The 
anode 5* has a metallic substrate 7, for example made of 

35 nickel or a nickel alloy, covered with an oxygen barrier 
layer 20C 1 made of the ceramic material of the invention 
that comprises a microporous structural mass impregnated 
with sintered colloidal and/or polymeric iron oxide 
particles, the sintered iron oxide forming an agglomerate 

40L . in the. structural .mass', micrpores ..that inhibits^ _dif f usiqn 
of oxygen through the structural mass. 

On the oxygen barrier layer 20C f there is a layer 6 1 
which is electrochemically active for the oxidation of 
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oxygen and which protects the oxygen barrier layer 20C 1 
against electrolyte 42. The electrochemically active 
layer 6 T can be made of iron oxides , as disclosed in the 
abovementioned US patents 6, 103,090, 6,361,681, 
5 6,365,018, 6,379,526, 6,413,406, 6,425,992, and in 
PCT/IB03/03654, PCT/IB03/03978 and PCT/IB03/05292 also 
mentioned above. 

Active layer 6' covers anode 5' and the oxygen 
barrier layer 20C where exposed to the electrolyte 42 
10 and prevents dissolution of the barrier into molten 
electrolyte. However, active layer 6' may extend far 
above the surface of the electrolyte 5, up to the 
connection with a positive current bus bar. 

The anode shown in Fig. 2 is in the shape of a 
15 vertical rod with a hemispherical bottom. Alternatively, 
the anodes may have an electrochemically active structure 
of grid-like design to permit electrolyte circulation, as 
for example disclosed in WO00/40781, WO00/40782, 
WO03/006716 and WO03/023092 (all in the name of de Nora), 
20 or another design. 

As mentioned above, the anodes may be coated with a 
protective layer of one or more cerium compounds, in 
particular cerium oxyfluoride. The protective layers can 
be maintained by maintaining an amount of cerium species 
25 in the electrolyte. 

Arc Furnace : 

* m w w w *m* — ■ » . 

The arc furnace shown in Figure 3 comprises three 
consumable electrodes ISA arranged in a triangular 
relationship. For clarity, the distance between the 
30 electrodes 15A as shown in Figure 3 . has been 
proportionally increased with respect to the furnace. 
Typically, the electrodes 15A have a diameter between 200 
and 500 mm and can be spaced by a distance corresponding 
to about their diameter. 

35 The electrodes 15A are connected to an electrical 

power supply (not shown) and suspended from an electrode 
positioning system above the cell which is arranged to 
adjust their height. 

~ The" consumable* * "eXecfxocfes 15A ' are "made " ~of~~a carbon 

40 substrate laterally coated with a layer 20 of the 
inventive ceramic material impregnated with sintered 
colloidal and/or polymeric particles made of iron oxide 
protecting the carbon substrate from oxidising gas. 
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Alternatively, layer 20 is made of the inventive ceramic 
material that is wetted before use by molten aluminium, 
the molten aluminium at the surface of layer 20C forming 
a barrier to oxygen diffusion as mentioned above. 

5 The bottom of electrodes 15A which is consumed 

during operation and constitutes the electrodes' 
operative surface is uncoated. The protective layer 20 
protects only the electrodes 1 lateral faces against 
premature oxidation . 

10 The electrodes 15A dip in an iron source 41, usually 

containing iron oxide or oxidised iron, such as scrap 
iron, scrap steel and pig iron. Preferably, the iron 
source 41 further comprises reductants selected from 
g aseous hydrogen, gaseous carbon monoxide or solid carbon 

15 bearing reductants. The reductants may also comprise non- 
iron minerals known as gangue which include silica, 
alumina, magnesia and lime. 

The iron source 41 floats on a pool of liquid iron 
or steel 40 resulting from the recycling of the iron 
20 source 41. 

During use, a three phase AC current is passed 
through electrodes 15A, which directly reduces iron from 
the iron source 41. The reduced iron is then collected in 
the iron or steel pool 40. The gangue contained in the 
25 reduced iron is separated from the iron by melting and 
flotation forming a slag (not shown) which is removed, 
for example through one or more apertures (not shown) 
located on sidewalls of the arc furnace at the level of 
the slag. 

30 The pool of iron or steel 40 is periodically or 

continuously tapped for instance through an aperture (not 
shown) located in the bottom of the arc furnace. 

* 

Mol ten _ Met a 1_ J?ur if i catjlon_ Age a ra_tus_:_ 

The molten metal purification apparatus partly shown 
35 in Figure 4 comprises a vessel 4 5 containing molten metal 
40 f , such as molten aluminium, to be purified. A 
rotatable stirrer 10 made of carbon-based material, such 
as graphite, is partly immersed in the molten metal J0 f 
and is arranged to rotate therein. 

40 The stirrer 10 comprises a shaft 11 whose upper part 

is engaged with a rotary drive and support structure 30 
which holds and rotates the stirrer 10. The lower part of 
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shaft 11 is carbon-based and dips in the molten metal 40 1 
contained in vessel 45. At the lower end of the shaft 11 
is a rotor 13 provided with flanges or other 
protuberances for stirring the molten metal 40 1 . 

5 Inside shaft 11, along its length, is an axial duct 

12, as shown in Figure 4a, which is connected at the 
stirrer's upper end through a flexible tube 35 to a gas 
supply (not shown), for instance a gas reservoir provided 
with a gas gate leading to the flexible tube 35. 

10 The axial duct 12 is arranged to supply a fluid to 

the rotor 13, The rotor 13 comprises a plurality of 
apertures connected to the internal duct 12 for injecting 
the gas into the molten metal 40', as shown by arrows 51. 

The lower part of the shaft 11, i.e. the immersed 
15 part and the interface region at or about the meltline 14 
of the shaft, as well as the rotor 13 are coated 
according to the invention with a layer 20E of the 
inventive ceramic material that is wetted by aluminium. 
Layer 20E improves the resistance to erosion, oxidation 
20 and/or corrosion of the stirrer during operation. 

As shown in Figure 4, the upper part of shaft 11 is 
also protected against oxidation and/or corrosion by a 
layer 20F of the inventive ceramic material. The upper 
part of the carbon-based shaft 11 is coated with a thin 

25 layer of refractory material 20F providing protection 
against oxidation and corrosion, whereas the layer 20E 
protecting the immersed part of the shaft 11 and the 
rotor 13 is a thicker layer of refractory material 
providing protection against erosion, oxidation and 

30 corrosion. 

Likewise, surfaces of the vessel 45 which come into 
contact with the molten metal may be protected with an 
layer of the ceramic material according to the invention. 

During operation of the apparatus shown in Figure 4, 
35 a reactive or non-reactive fluid, in particular a gas 50 
alone or a flux, such as a halide, nitrogen and/or argon, 
is injected into the molten metal 40' contained in the 
vessel 45 through the flexible tube 35 and stirrer 10 
which dips in the molten metal 40 1 . 



40 The stirrer 10 is rotated at a speed of about 100 to 

500 RPM so that the injected gas 50 is dispersed 
throughout the molten metal in finely divided gas 
bubbles. The dispersed gas bubbles 50, with or without 
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reaction, remove impurities present in the molten metal 
40 1 towards its surface, from where the impurities may be 
separated thus purifying the molten metal. 

The stirrer 10 schematically shown in Figure 5 dips 
5 in a molten metal bath 40 1 and comprises a shaft 11 and a 
rotor 13. The stirrer 10 may be of any type, for example 
similar to the stirrer shown in Figure 4 or of 
conventional design as known from the prior art. The 
rotor 13 of stirrer 10 may be a high-shear rotor or a 
10 pump action rotor. 

In Figure 5, instead of coating the entire shaft 11 
and rotor 13, parts of the stirrer 10 liable to erosion 
are selectively coated a layer of the ceramic material 
according to the invention. . 

* 

15 The interface portion at and about the meltline 14 

of the carbon-based lower part of the shaft 11 is coated 
with a refractory interface layer 20E X consisting of the 

aluminium-wetted inventive ceramic material, for instance 
over a length of up to half that of the shaft 11. 
20 Excellent results have been obtained with a layer over a 
third of shaft 11. However, the length of layer 20E-L 

could be a quarter of the length of shaft 11 or even 
less, depending on the design of stirrer 10 and the 
operating conditions. 

25 In addition to the interface portion of such 

stirrers, other areas may be liable to erode, again 
depending on the design and operating conditions of the 
stirrers. The schematically shown stirrer 10 in Figure 5 
illustrates further coated surfaces which are 

30 particularly exposed to erosion. The lower end of the 
shaft 11 adjacent to the rotor 13 is protected with a 
layer 20E 2 of the inventive ceramic material. The lateral 

surface of rotor 13 is protected with a layer 20E 3 and 

the bottom surface of the rotor 13 is coated with a layer 
35 20E 4 , both consisting of the inventive ceramic material. 

For each specific stirrer design, the layer or 
different protective layers on different parts of the 
stirrer, such as layers 20E lf 20E 2 , 20E 3 and 20E 4 shown in 

Figure 5, may be adapted as a function of the expected 
-40*-- lifetime- of - the stirrer -"Fox "optimal™'" use, the" "amount "and ' 
location of such layers can be so balanced that they each 
have approximately the same lifetime. 
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In an alternative embodiment (not shown), the layer 
on such stirrers may be continuous as illustrated in 
Figure 4 but with a graded thickness or composition so as 
to adapt the resistance against erosion to the intensity 
of wear of each part of the stirrer, thereby combining 
the advantages of the different layers shown in Figure 5. 

Various modifications can be made to the apparatus 
shown in Figures 4, 4a and 5. For instance, the shaft 
shown in Figure 4 may be modified so as to consist of an 
assembly whose non-immersed part is made of a material 
other than carbon-based, such as a metal and/or a 
ceramic, which is resistant to oxidation and corrosion 
and which, therefore, does not need any protective layer, 
whereas the immersed part of the shaft is made of carbon- 
based material protected with a protective layer of the 
inventive ceramic material.- Such a composite shaft would 
preferably be designed to permit disassembly of the 
immersed and non-immersed parts so the immersed part can 
be replaced when worn. 

Likewise, a carbon-based non-immersed part of the 
shaft may be protected from oxidation and corrosion with 
a layer and/or impregnation of a phosphate of aluminium, 
in particular applied in the form of a compound selected 
from monoaluminium phosphate, aluminium phosphate, 
aluminium polyphosphate, aluminium metaphosphate, and 
mixtures thereof as disclosed in US Patent 5,534,119 
(Sekhar) . It is also possible to protect the non- immersed 
part of the shaft with a layer and/or impregnation of a 
boron compound, such as a compound selected from boron 
oxide, boric acid and tetraboric acid as disclosed in US 
Patent 5, 486, 278 (Manganiello/Duruz/Bell6) and 6,228,424 
(de Nora/Duruz/Berclaz) . 

In a modification, the protective layer of the 
invention may simply be applied to any part of the 
stirrer in contact with the molten metal, to be protected 
against erosion, oxidation and/or corrosion during 
operation. 

Layers 20, 20A, 20B, 20C, 20C, 20 D, 20E, 20E lf 
20E 2 , 20E 3 , 20E 4 , 20F can be bonded to the underlying 
carbon through a thin intermediate bonding layer applied 
' from "a slurry 'containing" ref ra-ctoxy— -particles - and— a 
carbon compound having a hydrophilic substituent which 
bonds the hydrophilic refractory particles to the 
hydrophobic carbon, as for instance disclosed in the 
abovementioned WO02/096831. 
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The invention will be further described in the 
following examples . 

Comparative Example 1 

An unprotected sample having a diameter of 20 mm and 
5 a length of 20 mm was made from a metal alloy that 
contained 57 wt% Ni, 10 wt% Cu and 32 wt% Fe, the balance 
being Mn, Si and Al. The sample was submitted to an 
oxidation treatment in air for 50 hours at 930 °C. 

* 

After this oxidation treatment, the sample was 
10 examined in cross-section. An oxide scale had grown at 
the sample's surface over a thickness of 50 to 70 micron. 
The oxidation had also penetrated into the sample's metal 
alloy over a depth of about 100 micron forming oxide 
inclusions having a diameter of the order of about 5 to 
15 10 micron. 

Example 1 

A sample made of an alloy as in Comparative Example 
1 was protected against oxidation with a ceramic material 
according to the invention. 

20 An 85' micron-thick coating made of the ceramic 

material was formed by applying onto the sample several 

layers of a colloidal slurry containing: 56.5 wt% of 
particulate TiB 2 having a particle size that was smaller 

than 12 micron; 2.7 wt% of particulate Ti0 2 having the 

25 same particle size; 16.4 wt% of A1 2 0 3 colloid CONDEA® 

10/2 Sol (a clear, opalescent liquid with a colloidal 
particle size of about 10 to 30 nanometer); and 24.4 wt% 
of A1 2 0 3 colloid NYACOL® Al-20 (a milky liquid with a 

colloidal particle size of about 40 to 60 nanometer) . The 
30 applied layers were dried and then impregnated with a 
colloid made of 50 wt% iron hydroxide colloid 
("Transparent Red Dispersion" from JOHNSON MATHEY®) and 
50 wt% of an aqueous solution containing 5 wt% PVA having 
a molecular weight (MW) of 47000 to 74000. 

35 The coated alloy sample was heat treated at 930 °C 

for 50 hours in air as in Comparative Example 1- During 
the initial phase of the heat treatment, the ceramic 

... ... jua.t.eri.al.. was„„ sint.ered.__on- _the_. alloy,.. aamp.Le.....to . JLornu a 

structural mass having an open microporosity and the 
40 impregnated colloidal iron hydroxide particles were 
turned into iron oxide particles and sintered in the 
microporosity of the structural mass to form a sintered 
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barrier against oxygen diffusion through the structural 
mass to the alloy sample. 

After this heat treatment, the sample was examined 
in cross-section. An oxide scale had grown at the 
5 sample's surface over a thickness of only about 10 micron 
instead of the 50 to 70 micron of Comparative Example 1. 
The oxidation had also penetrated into the sample's metal 
alloy over a depth of only about 20 micron forming oxide 
inclusions having a diameter of only about 4 micron 
10 instead of the 100 micron oxide penetration with 
inclusions of 5-10 micron observed in the sample of 
Comparative Example 1. 

It followed that this coating of impregnated ceramic 
material decreased by 80 to 85% the oxidation of the 
15 sample. 

Comparative Example 2 

A graphite sample having a diameter of 80 mm and a 
height of 20 mm was covered with an openly microporous 
TiB 2 -based coating applied from a colloidal slurry having 

20 the composition of the TiB 2 -containing slurry of Example 
1. Several layers of the slurry were applied onto the 
sample and dried so that the resulting coating had a 
thickness of about 1 mm. After 12 hours drying, the 
coated sample was heat treated at 650°C for 4 hours in 

25 air without prior impregnation of the sample's coating 
with colloidal iron oxide particles. 

After this heat treatment, the coated substrate was 
examined in cross-section. The sample's coating had 
turned light yellow due to the formation of titanium 
30 oxide by oxidation of the coating over a depth of about 
100 micron below the coating's surface. 

Example 2 

A graphite sample covered with an openly microporous 
TiB 2 -coating as in Comparative Example 2 had its coating 

35 (structural mass) impregnated after drying with a colloid 
made of 50 wt% iron hydroxide colloid ("Transparent Red 
Dispersion" from JOHNSON MATHEY®) and 50 wt% of an 

aqueous solution ^containing. .5 w.t%. .PVA . having, a jtiole_cjular __ 

weight (MW) of 47000 to 74000, in accordance with the 

4 0 invention 
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After drying for 12 hours at room temperature, the 
coated graphite sample was heat treated like in 
Comparative Example 2. 

After this heat treatment, the coated substrate was 
examined in cross-section. The sample's coating was black 
and had over a depth of about 10 micron below its surface 
a dense and continuous layer of mixed titanium-iron 
oxides that had been formed by sintering of the .iron 
colloid (iron hydroxide) impregnation and the coating s 
structural mass. Underneath, the coating's TiB 2 had not 
been oxidised, demonstrating that the iron impregnation 
formed a barrier against oxygen diffusion through the 
structural mass. 

Comparative Example 3 

A coated graphite sample prepared and dried as in 
Comparative Example 2 was covered with two aluminium 
sheets having a thickness of 5 mm. The aluminium-covered 
coated sample was placed in a furnace and heated from 
room temperature to a temperature of 950 C at a rate of 
250°C/hour. The sample was maintained for 24 hours at 
950 °C to aluminise the coating. 

After aluminisation, the sample was allowed to cool 
down to room temperature and the examined in cross- 
section. 

The coated sample was aluminised in the central part 
of the coating whereas the peripheral part of the coating 
had been heavily oxidised to form a non-wettable white- 
yellow titanium oxide layer. 

Example 3 

A coated graphite sample was prepared as in 
Comparative Example 3 except that the coating was 
impregnated according to the invention with an iron 
hydroxide based colloid as in Example 2 prior to covering 
with aluminium sheets. The sample was heat treated with 
the aluminium sheets for aluminisation like in 
Comparative Example 3. 

After-. aluminisation,.. the_ sample was_ allowed to cool 

down to room temperature and then examined in cross- 
section. 

As opposed to Comparative Example 3, the sample had 
its entire coating aluminised. During the heat treatment, 
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the iron oxide impregnation initially acted as an oxygen 
barrier inhibiting formation of non-wettable white-yellow 
titanium oxide layer, and subsequently promoted 
aluminisation of the coating by reaction with molten 
aluminium to form a mixture of aluminium, iron and 
aluminium oxide. 

Comparative Example 4 

A comparative anode was prepared from an alloy as in 

Comparative Example 1 that was covered with an 

electrochemically active coating by dipping the alloy in 

a slurry of particulate nickel ferrite suspended in an 

iron hydroxide colloid followed by drying for 12 hours at 
250 °C. This . dried nickel ferrite active coating had a 
thickness of 350 to 370 micron. 

The anode was used to evolve oxygen in an aluminium 
electrowinning cell using a cryolite-based electrolyte at 
925 °C. An electrolysis current was passed through the 
anode at a current density of 0.8 A/cm 2 at its surface. 
After 200 hours electrolysis, the anode was removed from 
the cell and allowed to cool down to room temperature. 

Examination of the anode showed that the alloy 
underneath the nickel ferrite coating had been oxidised 
over a thickness of 250 to 300 micron. This led to a 
volume increase underneath the coating which caused a 
light delamination of the coating and the formation in 
the coating of small cracks that had a depth of up to 300 
micron and that were filled with cryolite-based 
electrolyte from the cell. 

Example 4 

An anode according to the invention was prepared as 
in Comparative Example 4 except that before coating the 
anode with the nickel ferrite active coating, a 90 micron 
thick oxygen barrier layer was formed on the anode's 
alloy. 

The oxygen barrier layer was formed by applying onto 
the anode's alloy several layers of a colloidal slurry 
containing 28 wt% of particulate TiB 2 having a particle 

...size,. that._waa._sma.ller. -than.— 12 micron; - 31-. 2- ■ - wt-% - of 

particulate Ti0 2 having the same particle size; 16.4 wt% 
of A1 2 0 3 colloid CONDEA® 10/2 Sol (a clear, opalescent 

liquid with a colloidal particle size of about 10 to 30 
nanometer); and 24.4 wt% of A1 2 Q 3 colloid NYACOL® Al-20 
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(a milky liquid with a colloidal particle size of about 
40 to 60 nanometer) . The applied layers were dried and 
then impregnated with a colloid made of 50 wt% iron 
hydroxide colloid ("Transparent Red Dispersion " from 
5 JOHNSON MAT HEY®) and 50 wt% of an aqueous solution 
containing 5 wt% PVA having a molecular weight (MW) of 
47000 to 74000. 

The impregnated layers of the oxygen barrier were 
allowed to dry for 12 hours at room temperature before 
10 application like in Comparative Example 4 of the active 
nickel ferrite coating onto the anode. 

The anode was used to evolve oxygen in an aluminium 
electrowinning cell as in Comparative Example 4. After 
200 hours, the anode was removed from the cell and 
15 allowed to cool down to room temperature. 

Examination of the anode showed that the anode's 
alloy had been oxidised to form a very dense oxide layer 
of about 50 micron thick (instead of the 250 to 300 
micron oxidation depth of the alloy of Comparative 

20 Example 4) . This oxidation did not lead to an excessive 
volume increase underneath the nickel ferrite coating 
which thus did not delaminate or crack. However, the 
nickel ferrite coating had some open pores formed by 
dissolution that were filled with cryolite-based 

25 electrolyte from the cell. 

This shows that the presence of the oxygen barrier 
layer made of the openly microporous structural mass 
impregnated with the colloidal particles of iron oxide 
precursor (iron hydroxide) according to the invention 
30 inhibited diffusion of oxygen to the anode' s alloy and 
thus inhibited oxidation of the anode's alloy. 

Example 5 

In a variation, the protective effect of the ceramic 
material of Examples 1, 2, 3 and 4 can be improved by 
35 sintering the impregnated ceramic material of the 
invention in an inert atmosphere before exposure to an 
oxidising atmosphere. Moreover, the protective effect can 
be further improved by pre-sintering the TiB 2 -based 

- - - structural" "inass^ before-- impregnation- - with - the- -iron 
40 hydroxide colloid. 
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CLAIMS 

1. A ceramic material comprising a structural mass made 
of at least one refractory compound selected from 
refractory borides, aluminides and oxycompounds, and 

5 combinations thereof, said structural mass having an open 
microporosity that is impregnated with colloidal and/or 
polymeric particles of iron oxide and/or a precursor of 
iron oxide, said particles promoting wetting of the 
structural mass by molten aluminium and/or forming upon 
10 heat treatment a sintered barrier against oxygen 
diffusion through the structural mass. 

2. The material of claim 1, wherein the structural mass 
comprises one or more oxycompounds selected from: 
refractory oxynitrides, oxycarbides, oxyfluorides and 

IS metal oxides. 

3. The material of claim 1 or 2, wherein the refractory 
compound comprises one or more borides, aluminides and 
oxycompounds of at least one metal selected from 
titanium, niobium, tantalum and molybdenum. 

20 4. The material of any preceding claim, wherein the 
colloidal and/or polymeric particles are made of at least 
one of FeO(OH) 2 , FeO, Fe 2 0 3 and Fe 3 C 4 and precursors 

thereof, all in colloidal and/or polymeric form. 

5. The material of any preceding claim, comprising a 
25 catalyst to promote the formation of magnetite from the 

colloidal and/or. polymeric particles during heat 
treatment, in particular a catalyst made of a copper 
compound such as copper oxide. 

6. The material of any preceding claim, wherein the 
30 colloidal and/or polymeric particles are sintered in the 

open microporosity of the structural mass. 

7 . The material of any preceding claim, which is a 
coating on a substrate. 

* 

8. The material of any one of claims 1 to 6 L which^is a 
35'"~"seXf -sustain " 

9. A component which during use is exposed to an 
oxidising atmosphere, said component having a substrate 
that is protected from oxidation by a ceramic barrier 



V 
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layer made of a material as defined in claim 7, in 
particular when depending on claim 6. 

10. The component of claim 9, which is an anode for the 
electrowinning of aluminium, the ceramic layer being 

5 covered with a protective layer that inhibits dissolution 
of said ceramic layer. 1 

11. The component of claim 10, wherein the protective 
layer comprises at least one of: iron oxides, such 
hematite and/or nickel ferrite; and cerium oxycompounds , 

10 in particular cerium oxyfluoride. 

12. The component of claim 10, wherein the protective 
layer contains at least one of: copper; nickel; silver; 
copper oxide; and nickel oxide, the protective layer 
being covered with an electrochemically active surface 

15 layer. 

13. The component of any one of claims 9 to 12, wherein 
the substrate is metal-based. 

14. The component of claim 13, wherein the metal-based 
substrate contains at least one metal selected from 

20 chromium, cobalt, hafnium, iron, molybdenum, nickel, 
niobium, platinum, silicon, tantalum, titanium, tungsten, 
vanadium, yttrium and zirconium. 

15. The component of claim 14, wherein the substrate 
contains a nickel-iron alloy. 

25 16. A component which before use or during use is 
exposed to molten aluminium, said component having an 
aluminium-wettable surface formed by the ceramic material 
of any one of claims 1 to 8 . 

17. The component of claim 16, which is made of said 
30 ceramic material or which comprises a layer of said 

ceramic material on a substrate, in particular a carbon 
substrate . 

18. The component of claim 16 or 17, which is a cathode, 
a cell bottom or a sidewall of an aluminium 

35 electrowinning cell. 

— i9; — The . -component -of " claim- i~6 or' 17}-" whi _ ch "is ' an "arc 

electrode or a holder for an arc electrode. 

20. The component of claim 16 or 17, which, is a 
component of an apparatus for treating molten aluminium, 
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in particular a stirrer for stirring molten aluminium, a 
pipe for supplying a treating agent to molten aluminium, 
or a vessel for containing molten aluminium. 

21. A cell for the electrowinning of aluminium from 
5 alumina dissolved in a molten electrolyte, which cell 
comprises: a cathode; and at least one component as 
defined in any one of claims 10 to 15 which is an anode 
and which has a substrate that is covered with said 
ceramic barrier layer and said protective layer; and. 

10 22. The cell of claim 19, comprising a component as 
defined in claim 16 or 17 that forms said cathode or a 
sidewall . 

23. A method of electrowinning aluminium in a cell as 
defined in claim 21 or 22, which method comprises passing 

15 . an electrolysis current from the cathode to the anode 
through the molten electrolyte to electrolyse the 
dissolved alumina whereby aluminium is produced on the 
cathode and oxygen is evolved on the anode, the ceramic 
barrier layer inhibiting oxidation of said substrate by 

20 the evolved oxygen. 

24. A cell for the electrowinning of aluminium from 
alumina dissolved in a molten electrolyte, which cell 
comprises: an anode; and at least one component as 
defined in claim 16 or 17 which is a cathode and which 

25 has an aluminium-wettable surface. 

25. The cell of claim 22, comprising a component as 
defined in any one of claims 10 to 15 which is an anode. 

26. A method of electrowinning aluminium in a cell as 
defined in claim. 24 or 25, which method comprises passing 

30 an electrolysis current from the cathode to the anode 
through the molten electrolyte to electrolyse the 
dissolved alumina whereby aluminium is produced on the 
cathode and gas is evolved on the anode, the aluminium- 
wettable surface being wetted by aluminium. 

35 27. An arc furnace comprising at least one component as 
defined in claim 19, which component has an inactive 
surface that is aluminium-wetted. 

28 •; * A method " of "oper at ing "the" arcT~f urnace of claim 27^ 
said at least one component being an arc electrode, the 
40 method comprising passing an electric current through the 
arc electrode, the aluminium-wetted surface protecting 
the arc electrode's inactive surface against oxidation. 
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29. An apparatus for treating molten aluminium 
comprising at least one component as defined in claim 20, 
said component being a stirrer, a pipe or a vessel. 

30. A method of operating an apparatus as defined in 
5 claim 29, said component being a stirrer, a pipe, or a 

vessel, said method comprising when the component is a 
stirrer, a pipe or a vessel, respectively: stirring 
molten aluminium with the component; supplying a treating 
agent to molten aluminium through the component; or 
10 confining molten aluminium in the component. 

31. A method of producing a ceramic material comprising 
the steps of: 



15 



- providing a structural mass that has an open 
microporosity and that is made of a refractory compound 
selected from borides, aluminides and oxycompounds, and 
combinations thereof; and 

- impregnating the open microporosity with colloidal 
and/or polymeric particles of iron oxide and/or a heat- 
convertible precursor thereof. 

0 32. The method of claim 31, wherein the colloidal and/or 
polymeric particles are sintered in the open 
microporosity of the structural mass by a heat treatment. 

33. The method of claim 31 or 32, wherein the structural 
mass is formed by sintering a ceramic particulate. 

5 34. The method of claim 33, wherein the ceramic 
particulate is suspended in a slurry which is dried 
before sintering. 



I 



35. The method of claim 34, wherein the slurry comprises 
a ,colloid and/or a polymer. 
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oxide, hafnia, tantalum oxide, ceria and thoria, and 
precursors thereof, all in the form of polymers. 

37. The method of any one of claims 34 to 3 6, wherein 
the slurry comprises at least one organic compound 
selected from ethylene glycol, hexanol, polyvinyl 
alcohol, polyvinyl acetate, polyacrylic acid, hydroxy 
propyl methyl cellulose and ammonium polymethacrylate and 
mixtures thereof. 

38. A ceramic material comprising a structural mass made 
of a refractory compound selected from borides, 
alummides and oxycompounds, and combinations thereof, 
said structural mass having an open microporosity that is 
impregnated with colloidal and/or polymeric particles of 
iron oxide and/or a precursor of iron oxide. 

39. The ceramic material of claim 38, wherein the 
colloidal and/or polymeric particles are present in the 
open microporosity with or without sintering and 
constitute an agent to promote wetting of the structural 
mass by molten aluminium. 

40. The ceramic material of claim 36, wherein the 
colloidal and/or polymeric particles are sintered in the 
open microporosity of the structural mass to form a 
sintered barrier against oxygen diffusion through the 
structural mass. 

41. A method of providing an aluminium-wet table 
component, comprising forming a surface of the component 
with a ceramic material as defined in claim 38 before 
exposure of the component to molten aluminium. 

42. A method of protecting a substrate against 
oxidation, comprising covering the substrate with a 
ceramic material as defined in claim 40 and sintering 
said colloidal and/or polymeric particles in the open 
microporosity of said structural mass to form a sintered 
barrier against oxygen diffusion through the structural 
mass. 
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ABSTRACT 



A ceramic material (20, 20A, 20B, 20C, 20C ' , 20D, 20E, 20E, 
20E 2 ,20E 3 ,20E 4 ,20F) comprises a structural mass made of 
at least one refractory compound selected from refractory 
borxdes, aluminides and oxycompounds, and combinations 
thereof. This structural mass has an open microporosity 
that is impregnated with colloidal and/or polymeric 
particles of iron oxide and/or a precursor of iron oxide 
These particles promote wetting of the structural mass by 
molten aluminium and/or form upon heat treatment a 
sintered barrier against oxygen diffusion through the 
structural mass. The ceramic material can be used on 
cathodes (15), carbon or metal-based anodes (5,5') 
sidewalls (16) and other parts (26) of aluminium 
electrowmning cells, on electrodes (15A) of arc 
furnaces, and on stirrers (10) or vessels (45) of 
aluminium purification apparatus. 
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FIGURE 2 
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FIG. 4a 
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FIGURE 5 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

D LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



